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Efficiency of Moroccan banks:  




In a competitive environment, the quest for efficiency becomes an imperative for each firm in order to maintain 
its competitiveness within the sector in which it operates. The financial firm has its own particularities but does 
not escape this efficiency objective. In order to measure this efficiency, the literature highlights several 
approaches and methods, however, among the different frontier-based efficiency analysis methods used in the 
literature, data envelopment analysis has shown its power to be applied to different types of studies and in 
different contexts Paradi & Zhu (2013).  
The purpose of this article is to evaluate the efficiency of Moroccan banks during the period 2017-2019. DEA 
Analysis was conducted with an input orientation and a variable return to scale assumptions. The choice of an 
input orientation is motivated by the fact that it is believed that banks can control and rationalize inputs more 
than outputs. On the other hand, it is believed that banks operate in different scales which motivate the choice of 
a variable returns scale. The meta-frontier tests were combined with the Malmquist index to analyze the total 
productivity change over time. 
The results show that indeed Moroccan banks operate in a variable return to scale. Also, it was found that the 
average efficiency of all banks has changed over the study period. However, the scores recorded remain low and 
show that there is a serious inefficiency that needs to be corrected. For the analysis of the Malmquist index, it 
appears that the average improvement in total productivity of banks during the three years studied is not the 
result of technological innovation, but rather of the change in scale efficiency and pure efficiency; however, total 
productivity did not improve significantly throughout this period.  
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1. Introduction  
The structure of the financial market, with all the actors involved, is a complex system, and 
the purpose of intermediaries and institutions is to facilitate allocation, or even enable the 
efficient allocation of resources and risks Allen & Gale (2004). Financial intermediaries 
interpose themselves between savers and capital seekers; this intermediary role leads to the 
adjustment of supply and demand by transforming liquid deposits (such as the savings of a 
young executive) into investments with a more or less long term (for example, for the 
financing of the development of a company). This is what economists call “maturity 
transformation”. 
The founding works of the theory of financial intermediation go back to Gurley & Shaw 
(1955); they demonstrated that financial markets are imperfect, which generates additional 
transaction costs, hence the purpose of the financial intermediary, whose mission is to 
overcome a multitude of limitations encountered in the direct economy. According to their 
definition, financial intermediation consists of the purchase by financial institutions of 
securities-issued by issuers- called primary debt securities, and the sale of their own securities 
or debt to savers, called secondary debt securities. 
The main objective of this paper is to know what is the level of efficiency of Moroccan 
banks? And what impacts the evolution of this efficiency over time? 
In order to answer this question, our paper first reminds the theoretical corpus around the 
subject of financial intermediation, distinguishing the approach by production from the 
approach by intermediation. Then, a synoptic literature review on efficiency assessment 
approaches will be discussed to display the range of methods most used by researchers. 
Finally, the empirical part will detail the results of the study in order to draw the appropriate 
lessons. To do this, we used the data envelopment analysis method to derive efficiency scores 
under two assumptions (with constant returns to scale and variable returns to scale), then 
measuring the change in productivity by the Malmquist index. The choice leaned towards this 
method since DEA has proven itself in several contexts and in various disciplinary fields 
Paradi & Zhu (2013).   
2. Theoretical framework 
The literature is dominated by two approaches that have modeled the financial 
intermediary process. The first approach, called the "production approach", models the 
financial firm as a producer of services that sells its services to customers. The second 
approach, called the "intermediation approach", presents the financial institution as a firm that 
interposes itself between economic agents. The boundary between the two approaches is 
marked by the nature given to deposits: are they inputs or outputs? There have been many 
studies and arguments in this direction, but most of the work has focused on the 
intermediation approach. Among these studies are those of Hughes & al (2000), which 
provided a mathematical approach to detecting the nature of deposits. Other works have 
followed by integrating variables specific to this type of firm, which are the risk and the 
informational role that they play for the market players. 
 2.1 The Production Approach 
This is the first approach that dominated the literature on the banking firm until the mid-
1980s. The bank is considered as a firm that provides financial services to depositors and 
borrowers. The initiators of this approach, Benston (1965), Bell and Murphy (1968), modeled 
the financial firm as offering two groups of services, services that provide resources (the 
different types of deposits) and the second type that takes the form of uses (credits and 
investments). In return for their deposit, the financial institution guarantees the security of 




their deposits and offers them means of payment. Other authors have taken the same 
approach, namely Asmild & al (2004) and Bergendahl & Lindblom (2008). 
Output is understood as a flow, and is measured by different units of measurement, such as 
the number of deposits, credits or the number of transactions that result from these credits and 
deposits. This choice is motivated by the fact that non-financial costs are positively correlated 
with the number of transactions executed, regardless of the amount of the transaction. The 
production thus achieved is the result of two factors of production, physical capital and labor 
Joumady (2001) allowing the production of several types of services. 
This approach has been the subject of several criticisms by Bernou (2005), since it does not 
include off-balance sheet and ancillary transactions in its analytical framework. In addition, it 
biases the configuration of the financial institution because it does not take into account the 
interest spent by the intermediary in the context of its refinancing with the money market 
(taking into account only operating costs), nor the heterogeneity of the level of effort 
deployed for each account. Moreover, the interest rates used are derived from a market 
process (supply vs. demand) outside the firm's production process. This means that the 
production process of a non-financial firm is not compared to that of a financial firm. These 
limitations of the production approach bias the results of efficiency tests using this 
framework.  
To overcome these limitations, the intermediation approach proposes to address some of 
them by taking into account the particularity of the financial firm whose role is to interpose 
itself between borrowers and depositors. 
2.2 The intermediation approach 
The basis of this approach focuses on the mission conferred on the financial firm, which is 
manifested in the creation of a connection between depositors and borrowers Sealey & 
Lindley (1977). By positioning themselves on this approach, banks ensure the transformation 
of public deposits into loans and other assets Assaf & al. (2013). In most cases, takers of this 
approach such as Weill (2004) use three inputs: fixed assets, labor and financial capital. In 
contrast to the production approach, outputs are valued by the volume (monetary unit) of 
credit extended and portfolio investments, regardless of the number of accounts under the 
bank's management. This implies the assumption that the picture of credits and deposits on 
the financial statements are proportional to the flows Joumady (2001). In this logic, loans are 
no longer considered solely as an output from deposits, but as an element that can be 
transformed into an input through the securitization mechanism, thus adding to the deposits 
collected from the public. Moreover, the integration of consumer needs via the supply of 
deposits means that they appear as an output Nguyen (1993). 
2.3 Assessing the efficiency of the financial intermediary 
Deterministic techniques: 
With a given quantity of inputs fixed initially, the different combinations of maximum 
possible outputs give us what is called a production function Varian (1997). This conception 
of the production function allows each firm to compare itself to the best firm, which is 
obviously located on the efficiency frontier.The challenge that lies ahead is how to model and 
theoretically estimate the production and cost function. 
Indeed, econometric analysis makes it possible to establish the link between the production 
of a good and the consumption of several factors of production, or conversely, between the 
consumption of an input and the production of several outputs; nevertheless, in certain 
situations, it will be necessary to migrate to another type of function, namely cost functions. 
Frontier-based measurement techniques:  
Berger & Humphrey (1997) identifies mainly five different techniques:  
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Parametric approaches: In this category we find the stochastic frontier approach (SFA), the 
Free Distribution approach (FDA), and the Thick Frontier approach (TFA).  
Non-parametric approaches: In this group we find the Data Envelopment Approach (DEA) 
and the Free Disposal Hull (FDH).  
In this paper we will focus on the DEA method, which since its inception, has become the 
most frequently used method for evaluating the efficiency of financial firms LaPlante & 
Paradi (2015). 
In the present study we have leaned towards the intermediation approach because we 
believe that it is more in line with the reality of the banking activity and we have formulated 
the following hypotheses: 
H1: Moroccan banks are not all on the efficiency frontier 
H2: Total factor productivity is not explained by technological innovation 
3. Research methodologies 
3.1. Data and methodologies 
This paper seeks to analyze the efficiency of Moroccan banks and the impact of 
technological change on the measured efficiency. To address this issue a benchmarking 
approach was adopted using the non-parametric method (Data Envelopment Analysis) and the 
Malmquist index. These two statistical tests were applied on the data of Moroccan banks 
active during the period 2017-2019 (Data were collected from published financial statements).  
At the end of 2019 the amount of credit institutions licensed as banks are 19. However, due 
to the unavailability of data from two banks (Union Marocaine Des Banques and Arab Bank 
Plc) during the period 2017-2019 they were discarded, thus keeping 17 banks.  The discarded 
banks do not represent a significant importance at the population level, which does not bias 
the calculations and therefore give representative results of the banking landscape. The banks 
were considered under the intermediation approach in the sense that they transform deposits 
into credits by means of labor and fixed assets. 
3.2. Determination of Inputs and Outputs 
The determination of the variables of production and the nature of the banking activity 
represent an interminable debate in the subject of the evaluation of the banking activity 
Triplett (1992). This position is supported by the discrepancies found in several studies of 
bank efficiency, the discrepancies of which, according to Favero & Pappi (1995). 
Inputs  
• X1: Labour  
• X2: Fixed assets 
• X3: Total resources 
Outputs 
• Y1: Total credits 
• Y2: Securities portfolio 
This model was tested with an input orientation and a variable return to scale assumptions. 
The choice of an input orientation is motivated by the fact that it is believed that banks have 
more leeway on inputs than on outputs. Furthermore, it is believed that banks operate in 
different scales, which motivates the choice of a variable return to scale. 
At the level of the constant return to scale (CRS) model, when the DMUs do not operate on 
their optimal scale, technical efficiency is confused with scale efficiency. To overcome this 
limitation, the use of the VRS specification will result in a pure calculation of the technical 
efficiency excluding the scale effect. Mathematically, this is done by incorporating a 




convexity constraint ∑ λj = 1nj=1 . This gives the following dual form of input-oriented 
modeling: 
Min  θk 
With Yrk − ∑ λ𝑗𝑌𝑟𝑗 ≤ 0𝑛𝑗=1              r=1,…,s 
   θkxik  − ∑ λ𝑗𝑋𝑖𝑗 ≥ 0𝑛𝑗=1          i=1,…,m 
   ∑ λ𝑗 = 1𝑛𝑗=1  
   λ𝑗 ≥ 0                                ∀𝑗 = 1, … . , 𝑛 
 
4. Results and discussion 
4.1. Descriptive results 
The efficiency scores of Moroccan banks were calculated by the DEAP software 
developed by Coelli (1996). 
Table 1: Changes in bank efficiency scores 2017-2019 



















1 0,336 1 1 0,487 1 1 0,327 0,656 
2 0,457 1 2 0,751 1 2 0,211 0,319 
3 0,254 0,816 3 0,304 0,796 3 0,936 1 
4 0,18 0,468 4 0,291 0,518 4 0,667 0,667 
5 0,177 0,748 5 0,201 0,634 5 0,634 0,878 
6 0,145 0,407 6 0,188 0,385 6 1 1 
7 0,164 1 7 0,171 0,976 7 1 1 
8 0,169 0,609 8 0,252 0,66 8 0,477 0,507 
9 0,14 0,823 9 0,236 1 9 0,048 0,841 
10 1 1 10 1 1 10 1 1 
11 0,058 0,449 11 0,092 0,536 11 0,01 0,371 
12 0,459 1 12 0,625 1 12 1 1 
13 0,085 0,121 13 0,128 0,167 13 1 1 
14 0,539 0,676 14 0,612 0,784 14 1 1 
15 1 1 15 1 1 15 1 1 
16 1 1 16 1 1 16 0,48 1 
17 0,306 1 17 0,336 1 17 1 1 
Notes: (1) DMU : Decision-making unit, (2) Scores CRS: Score of constant returns to scale, (3) Scores VRS: 
Score of variable returns to scale, (4) SEE: Scale efficiency                                                             Source: Author 
From the results in Table 1, it appears that the efficiency scores at constant returns to scale 
differ from the scores recorded under variable returns to scale, which proves that Moroccan 
banks operate in different dimensions. 
The number of efficient banks under variable returns to scale (VRS) efficiency increased to 
10 (59%) from 8 during 2017 and 2018. Similarly to constant returns to scale (CRS), the 
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number of efficient DMUs increased in the year 2019 (8 efficient banks) while it was only 3 
(18% of the sample) during 2017 and 2018. It is also observed that not only the number of 
efficient DMUs is low under the CRS approach but also the average efficiency score is found 
to be very low. From the results, under constant returns to scale 14 DMUs (82%) 14 (82%) 
and 9 (53%) are technically inefficient in 2017, 2018 and 2019 respectively. On the other 
hand, under variable returns to scale the number of inefficient DMUs is less and amounts to 9 
(53%), 9 (53%) and 7 (41%) in 2017, 2018 and 2019 respectively. 
Table 2: Descriptive statistics 
Year Scores CRS Scores VRS SEE 
2017       
mean 0,381 0,772 0,476 
Median 0,254 0,823  
Standard deviation 0,325 0,275  
Minimum 0,058 0,121  
Maximum 1 1  
2018       
mean 0,451 0,792 0,557 
Median 0,304 0,976  
Standard deviation 0,320 0,264  
Minimum 0,092 0,167  
Maximum 1 1  
2019       
mean 0,694 0,838 0,77 
Median 0,936 1  
Standard deviation 0,367 0,240  
Minimum 0,01 0,319  
Maximum 1 1   
Notes: (1) Scores CRS: Scores of constant returns to scale, (2) Scores VRS: Scores of variable returns to scale, 
(3) SEE: Scale efficiency                  Source: Author 
Efficiency scores can change from year to year for the same DMU depending on the score 
of the DMUs that make up the group. As an example, DMU 2 recorded a score (CRS) of 
0,211 in 2018 positioning itself as the 4th most efficient bank in the group. While in 2019 it 
recorded a score (CRS) of 0,211 reaching the 14th place in the group's ranking.  
In 2019, despite the drop in the efficiency score of some banks, the median value has 
increased significantly reaching 0,936 under constant returns to scale, and the ceiling of 1 
under variable returns to scale.  
Table 3: Average efficiency scores 
Year Scores CRS Scores VRS SEE 
2017 0,381 0,772 0,476 
2018 0,451 0,792 0,557 
2019 0,694 0,838 0,770 
Mean  0,509     0,801    0,601 
Source: Author  




It is clearly visible that the average efficiency of all decision-making units have changed 
during the study period. However, the scores recorded remain low and show that there is a 
serious inefficiency that needs to be corrected. Specifically, a technical efficiency score of 
0,509 (51%) under an input orientation, shows that inputs can be improved by 49%.  
Moreover, the evolution of the average score is significant under the assumption of 
constant returns to scale (+18%) in 2018 and (+54%) in 2019. In contrast, there is a slight 
increase under the variable returns to scale assumptions (+3%) in 2018 and (+6%) in 2019. 
4.2 Malmquist analysis: 
Table 4 and Appendix 1 show the average evolution of productivity gains by calculating 
the Malmquist index. The year 2017 is taken as the technical reference for the calculation of 
the evolution of scores following the evolution of technology. Recall that the reference in 
reading the Malmquist test results is the value "1". Values above 1 indicate that the bank is 
experiencing productivity gains, while values below 1 indicate productivity declines. To 
transform the index into a percentage, the result is multiplied by 100.  
Table 4: Malmquist test results 
2017/2018 2018/2019 
Bank Ech Tch Pch Sch Totch Bank Ech Tch Pch Sch Totch 
1 1,452 0,716 1,000 1,452 1,039 1 0,840 1,157 1,000 0,840 0,972 
2 1,642 0,590 1,000 1,642 0,968 2 0,902 1,172 1,000 0,902 1,056 
3 1,194 0,724 0,976 1,224 0,864 3 0,966 1,147 0,987 0,979 1,108 
4 1,619 0,742 1,105 1,464 1,201 4 0,909 1,137 1,065 0,854 1,034 
5 1,134 0,881 0,848 1,337 0,998 5 0,803 1,127 1,013 0,793 0,905 
6 1,294 0,752 0,946 1,368 0,973 6 0,923 1,143 1,081 0,853 1,055 
7 1,043 0,961 0,976 1,068 1,002 7 1,041 1,118 1,024 1,016 1,164 
8 1,491 0,669 1,082 1,378 0,998 8 0,957 1,135 1,056 0,907 1,087 
9 1,687 0,631 1,215 1,388 1,064 9 0,790 1,194 0,831 0,950 0,943 
10 1,000 0,331 1,000 1,000 0,331 10 1,000 1,135 1,000 1,000 1,135 
11 1,603 1,085 1,192 1,345 1,740 11 1,102 1,089 1,063 1,037 1,201 
12 1,362 0,688 1,000 1,362 0,937 12 1,498 0,950 1,000 1,498 1,422 
13 1,515 0,542 1,387 1,092 0,821 13 0,964 1,149 0,990 0,974 1,108 
14 1,135 1,034 1,159 0,979 1,174 14 1,560 1,361 1,276 1,223 2,124 
15 1,000 1,103 1,000 1,000 1,103 15 1,000 1,141 1,000 1,000 1,141 
16 1,000 0,999 1,000 1,000 0,999 16 1,000 0,908 1,000 1,000 0,908 
17 1,098 1,086 1,000 1,098 1,193 17 0,870 1,207 1,000 0,870 1,050 
mean 1,287 0,763 1,045 1,231 0,982 mean 0,990 1,130 1,020 0,971 1,118 
Notes :  (1) Ech: Efficiency change, (2) Tch: Technical efficiency change, (3) Pch: Pure effciency change, (4) 
Sch: Scale efficiency change, (5) Totch: Total factor productivity change                                       Source: Author 
In 2018, the average Malmquist index is 0.982, which explains why banks experienced an 
average decline of 0.018% in their total resource productivity. This index rises to 1.118 in 
2019, which implies a total increase of 11.8% in the total productivity of their resources. 
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These two developments result in an average Malmquist index of 1.048. The number of banks 
with a total productivity increase in 2018 is 8 (47%). The following year this number 
improved significantly to 14 banks (82%).  
For the year 2018, the average total factor productivity change is -1,8%. Technological 
change has had an important influence on this decrease.  In the case of DMU 11 the total 
factor productivity change was 74% which is the highest score compared to the other banks. 
This is explained by the increase of scale efficiency changes to the extent of 34,5%. 
For the year 2019, the average total factor productivity change is 11,8% which was more 
important than 2018. In the case of DMU 14 the total factor productivity change was 112,4% 
which is the highest score compared to the other banks. This is due an increase in the 
technical change to the extent of 36,1%. Scale efficiency changes are to the extent of 22,3% 
and pure efficiency increase with 22,3%. Moreover, the bank number 14 recorded a higher 
productivity than 2018 (17,4%). 
It can be seen that the total productivity of banks increased by an average of 1.4% per year 
over the study period. This improvement is attributable to efficiency change, which grew at an 
average annual rate of 20,5%.  
During 2018/2019 almost all banks have a tech index above 1 (showing technological 
progress for that year), which has led to an increase in total productivity during the said year. 
In fact, 82% of banks recorded an increase in total factor productivity. 
We conclude that the improvement in total productivity of banks during the three years 
studied 2017-2018 and 2018-2019 is not the result of technological innovation, but rather to 
scale efficiency change and pure efficiency change. For all that total productivity did not 
improve throughout this period.  
5. Discussion  
There are a multitude of determinants of efficiency of financial institutions as 
demonstrated in the study by Aasri & Lkhoyaali (2021); in this study a selective review of the 
literature in different countries showed that efficiency is positively impacted by the size and 
history of the financial institution. However, the relationship between efficiency and 
geographic location remains mixed. 
Moreover, it was demonstrated in the study conducted by Kouomo in 8 Cameroonian 
banks that the adoption of mobile banking increases the efficiency scores of Cameroonian 
banks Kouomo (2020). 
In terms of liquidity, the most liquid financial institutions orient their business model 
towards the collection of long-term deposits in exchange for the distribution of short-term 
loans. This configuration gives the financial institution a comfortable financial position that 
does not encourage it to venture into risky operations, thus increasing their efficiency. Indeed, 
studies such as Henni (2018) have demonstrated the positive impact of liquidity on efficiency. 
In addition, among the factors exerting a negative impact on efficiency are the non-
performing loans, and they are evidence of poor management within the bank Partovi & 
Matousek (2019). 
The present paper has analyzed efficiency from a different prism than those mentioned 
above, essentially assessing the level of efficiency and detecting the possibilities for 
improvement at the level of each decision-making units. In addition to the focus on the 
temporal evolution of total factor productivity, which gives an idea of the origin of the 
improvement in the index (is it an effect of technological change or a change in pure 
efficiency?) and which in this research has been shown to be due to pure efficiency and not to 
technological innovation. 
 





The efficiency of the Moroccan banking system has been studied in this paper using two 
complementary techniques, the meta-frontier approach and the Malmquist index. The DEA 
meta-border approach was applied to highlight the relative efficiency of banks in a 
benchmarking perspective. 
The efficiency scores obtained from the DEA method show that the results under constant 
returns to scale differ from the scores recorded under variable returns to scale, which indicates 
that Moroccan banks do indeed operate in different scales. 
Based on the results obtained, we find that total productivity increased by an average of 4.8 
percent per year over the study period. Taking the geometric mean of the years studied, it 
appears that this increase is due to pure efficiency and not to technological innovation; which 
confirms the hypotheses that we have formulated. Although for the year 2019, the increase in 
total productivity was driven by technological innovation having recorded a 13% increase in 
technological innovation. Moroccan banks should therefore pay more attention to this point to 
improve their competitiveness at the regional level. 
One of the major limitations of using the DEA method is that the efficiency scores derived 
from it depend largely on the choice made beforehand of the inputs and outputs selected for 
the study. To counteract this limitation, a future study treating the same data with parametric 
methods would be virtuous to compare the results from two different econometric approaches. 
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Appendix 1: Synthesis of the averages of the Malmquist index 
Bank Ech Tch Pch Sch Totch 
1 1,105 0,910 1,000 1,105 1,005 
2 1,217 0,831 1,000 1,217 1,011 
3 1,074 0,911 0,981 1,094 0,978 
4 1,213 0,919 1,085 1,118 1,114 
5 0,954 0,996 0,927 1,029 0,950 
6 1,093 0,927 1,011 1,080 1,013 
7 1,042 1,037 1,000 1,042 1,080 
8 1,195 0,871 1,069 1,118 1,041 
9 1,154 0,868 1,005 1,149 1,002 
10 1,000 0,613 1,000 1,000 0,613 
11 1,329 1,087 1,126 1,181 1,445 
12 1,428 0,809 1,000 1,428 1,155 
13 1,209 0,789 1,172 1,032 0,954 
14 1,331 1,187 1,216 1,094 1,579 
15 1,000 1,122 1,000 1,000 1,122 
16 1,000 0,953 1,000 1,000 0,953 
17 0,978 1,145 1,000 0,978 1,119 
Mean 1,129 0,929 1,032 1,093 1,048 
Note: All Malmquist index averages are geometric means     Source: Author 
Appendix 2: Average Malmquist scores by year 
Year Ech Tch Pch Sch Totch 
2017/2018 1,287 0,763 1,045 1,231 0,982 
2018/2019 0,990 1,130 1,020 0,971 1,118 
Mean 1,129 0,929 1,032 1,093 1,048 
Notes : (1) Ech : Efficiency change (2) Tch : Technical efficiency change (3) Pch : Pure effciency change (4) 
Sch : Scale efficiency change (5) Totch : Total factor productivity change (6) le logiciel DEAP, calcule  les 
indices de Malmquist moyens par le biais des moyennes géométriques.               Source: Author 
 
 
 
 
 
